CARCINOMAS, originating from epithelial tissues, are the most frequently occurring malignancies. Unfortunately, little is known about the in vitro growth properties and chemistry of either normal or neoplastic epithelial cells. The major obstacle to progress in this area is that few epithelial cell strains exist, because the fibroblastic cells from connective tissue proliferate rapidly in culture and overgrow the epithelial cells, Lasfargues and Moore (1) grew epithelial cells from the mammary glands of mice, rats, and hamsters by periodic addition of collagenase to the growth medium, but this did not completely eliminate fibroblasts from their cultures. Other methods, such as cloning or mechanical destruction of undesired cell types, produced several pure strains of epithelial cells from mouse and rat livers (2) (3) (4) (5) (6) and these cells maintained certain liver-specific functions in culture; but these methods are too time consuming and technically demanding for general use.
By a combination of 2 relatively simple techniques, we have isolated epithelial cell strains almost routinely from various normal tissues of mice, including liver, mammary gland, ovary, and ear skin (7) . We now describe 9 of these epithelial strains in terms of their growth properties, tumorigenicity, virus production, and maintenance of differentiated functions.
MATERIALS AND METHODS
Tissue culture.-The growth medium was Dulbecco's modified Eagle's (Gibco, Grand Island, N,Y., #196G) containing 4,5 g/liter glucose, supplemented with 10% fetal calf serum (Gibco) and 10 ,ug/ml insulin (Calbiochem, San Diego, Calif.). A gas phase of 10% CO 2 in air was added to each culture flask before it was sealed, Selective growth of epithelial cells was fostered as follows: The individual mouse organs were minced to about 2-mm cubes with apposed scalpel blades, divided among several culture flasks (75 ern", Falcon Plastics, Oxnard, Calif.) , and dispersed in growth medium containing 1 mg/ml collagenase (Worthington Biochemical Corp., Freehold, N.J., Catalog #4194). After incubation (37 0 C) for 18-24 hours followed by gentle pipetting, many clusters of epithelial cells remained undispersed among the singly dispersed connective tissue cells. The flasks were placed upright for several minutes to allow the cell clusters to settle out, then tilted gently so that the fluid approached the neck along 1 of the top: side angles. About 90% of the collagenase solution was withdrawn slowly (1-2 min) as the fluid surface was touched lightly with the bent tip of a Pasteur pipette attached to a suction flask. Most visible cell clusters were left behind by this skimming process, while single cells and debris were swept away. The cell clusters were diluted in growth medium without collagenase and distributed to culture flasks in amounts providing 2 or 3 clusters/em".
Growth medium was renewed (20 ml/flask) twice a week and the pH was adjusted carefully at each feeding. After several days' incubation, most epithelial clusters had attached and produced monolayer islands of epithelial cell outgrowth which often exceeded 1 em in diameter within 10 days. Although the few fibroblastic cells remaining in these cultures grew more rapidly and surrounded the epithelial islands, we were able to remove them by a series of 1-to 2-minute exposures to a solution of 0.05% trypsin (l : 250, Difco Laboratories, Inc., Detroit, Mich.) and 0.02% Versene (Fisher Scientific Co., Fairlawn, N.J., 5-311) in calcium-magnesium-free saline (STV).
If properly timed, this procedure removed most fibroblastic cells but left the epithelial islands relatively undisturbed. These islands were rinsed twice and again incubated with growth medium. This treatment sometimes had to be repeated several times at weekly intervals before a uniform confluent monolayer of epithelial cells was formed. The monolayer could be dispersed by 5-10 minutes' exposure to STY at 37 0 C and division among 2 or 3 flasks to begin serial subcultures.
Saturation densities were estimated by hemocytometer counts of viable cells (trypan blue exclusion) from replicate cultures seeded with 1X 10 5 cells/ flask. The medium was changed twice a week and cells were counted from 2 flasks every 2 or 3 days.
Saturation density was the value where 3 successive harvests showed no increase in cell number.
Hemicysts were induced when a culture was allowed to remain confluent with semiweekly fluid changes for 2-3 weeks.
Electron microscopy.-Monolayer cultures were fixed in 2.5% glutaraldehyde and postfixed in 1% Dalton's chrome-osmium, followed by 0.5% uranyl acetate. Cells were scraped off the culture vessel surface, pelleted, dehydrated, and embedded in Epon 812. Thin sections were examined with a Siemens Elmiskop 101.
Tumorigenicity.-The ability of some of these strains to produce tumors in vivo was tested by inoculation of 2--4 million cells into the interscapular fat of newborn mice and into the breast tissue of lactating adult mice of the isogeneic strain. Mice were examined twice weekly for progressively growing tumors at the site of inoculation. Only those tumors that grew to a diameter of at least 1 em were scored as positive.
RESULTS

In Vitro Growth Properties
The mouse strains and tissues of origin of the 9 epithelial cell strains are listed in table 1. When grown to confluent cell sheets, all strains displayed a mosaic or cobblestone-like growth pattern, and the cells had a flat polygonal or cuboidal shape typical of epithelial cells (8) . In sparsely seeded cultures, the mammary gland and 3 liver strains grew as islands of closely adherent polygonal cells remaining in contact after division ( 'For history of Namru and HRS/J strains, see (9) and (10) , respectively.
tDerived from thc same pregnant mouse.
The other strains stopped dividing at low density and formed a confluent monolayer containing relatively large cells ( fig. lD) . In addition to retaining their epithelial morphology, 6 strains developed unique 3-dimensional structures when dense monolayers were maintained for several weeks without subculture. These structures, variously described as hemicysts (11) , domes (12), or secretory vesicles (13), seem to form by trapping secreted fluid beneath the cell sheet, which suggests that the cultured cells have retained the differentiated secretory functions typical of glandular epithelium in vivo. These hemicysts could still be induced in the Namru liver strain after 40 subcultures. Figure 2 shows many hemicysts on a typical cell sheet and figure 3 is a microscopic view of a single hemicyst on a living monolayer of Namru liver cells.
In Vivo Growth Properties
In all but 1 cell strain (MmI5Li, passage 5), the strains tested to date have produced some type of tumorous growth when inoculated into the interscapular fat of newborn isogeneic mice (table 3) . Under these conditions, there was no correlation between saturation density in vitro and number of developing tumors; however, the saturation density did show an inverse correlation with the latent period for development of palpable tumors (tables 2, 3).
The tumors were of various pathologic types, from benign, differentiated cystadenomas to undifferentiated sarcomas (table 3) . The normal mammary gland strain, NMuMG, produced large cystic spaces lined with single layers of cuboidal epithelial cells (figs. 4, 5) . No areas of malignancy were observed in 3 separate tumors of NMuMG cells, all with the same cystic morphology. One normal liver strain, NMuLi, also produced differentiated cystic structures. The cyst wall was composed of 2 cell types: tall columnar cells with secretory nipples and an underlying layer of myoblasts ( fig. 6 ). Cystic structures were found in each of the 3 tumors observed in the interscapular fat pads. In addition to the cystic structures, these tumors also contained a malignant component which appeared to be sarcoma in 2 instances ( fig. 7) and adenocarcinoma in I case.
The remaining cell strains, regardless of tissue of origin, produced fibrosarcomas of similar morphology. In Mm15Li, the tumor also contained an area of moderately well-differentiated adenocarcinoma (table  3 and fig. 8 ).
The same cell lines were also inoculated into adult mammary glands of isogeneic mice. Most cell strains were not tumorigenic at this site, possibly because the adult animals were more immunocompetent than the newborns. Again, the tumors appeared varied in morphology; some were fibrosarcomas and others were well-differentiated adenocarcinomas (table 3). The adenocarcinomas induced by the liver strain Mml5Li and by the ovary strain Mml50V were similar in morphology ( fig. 9 ) and appeared to have originated from the mammary epithelial cells. " " + +
OJ; desmosomes or lntennedJate junctions; MV: microvilli: TF; tonofibrils; M: membrane systems typical of secretory cells, i.e., well-developed Golgi, smooth endoplasmic reticulum, dilated cisternae, many polyrlbosomes.
Virus Production
The cell strains were also tested for the production of RNA tumor viruses. Except for the 2 Namru strains (NMuLi and NMuMG), all had some type-C oncornavirus ( fig. II) . The Namru strains were negative for virus by the XC plaque assay (11) , by electron microscopy, and by fractionation of 3H-uridinelabeled culture fluids on sucrose density gradients (15) . These strains remained negative even after extensive passaging. The Mml5Li fetal liver strain produced only N-tropic virus, whereas the ovary cells (MmI50V) from the same pregnant mouse yielded both N-and B-tropic viruses (personal communication from Dr. ]. Hartley, National Institutes of Health, Bethesda, Md.).
Ultrastructural Features by Electron Microscopy
The cell strains derived from mammary gland, liver, and ovary showed many ultrastructural features (16) (17) (18) , typical of secretory epithelium (table 2) . Cells in close apposition had interdigitating microvilli and were held together by desmosomes or intermediate junctions. Many mitochondria with well-developed cristae, well-developed Golgi zones, smooth membranes with dilated cisternae, and abundant polyribosomes were in the cytoplasm (figs. 10, II). Tonofibrils were present as bundles in the cytoplasm and microfibrils were associated with desmosomes and extended into microvilli ( fig. 12 ). In contrast, the ear-skin cells showed a less complex ultrastructure. They grew as aggregates, with some interdigitation of microvilli; microfibrils were in the cytoplasm, but the membrane systems were simple and minimally developed with few ribosomes (fig. 13 ); desmosomes were not seen.
DISCUSSION
We have described some characteristics of 9 epithelial cell strains from a variety of normal mouse organs. The morphology, growth pattern, and ultrastructural features of all these strains were characteristic of epithelial cells, and many produced blisters (hemicysts), probably by trapping secreted fluids beneath the cell sheet. These blisters never appeared until cultures had been held for >2 weeks at saturation density; thus potentially differentiated functions may not be expressed in cultures containing dividing cells. In 1 case, a change from fetal calf serum to calf serum caused the blisters to appear sooner and in greater numbers, which suggests further that variations in the hormone content of the serum supplement are of prime importance for induction of differentiated functions in epithelial cell cultures.
Although all these strains were derived from normal tissues, none has remained completely normal in culture. All strains now display biomodal distributions of chromosome numbers (7); although most cells in each strain (except Mm150V) contain the diploid number, each line includes a minority population of cells with near-triploid or tetraploid numbers of chromosomes. The Mml50V strain now contains a majority population of near-triploid cells. In addition, all of 5 strains tested (2 liver, 2 ovary, 1 mammary gland) produced some type of tumorous growth when inoculated into newborn isogeneic animals. The tumors varied in pathology from benign, well-differentiated cystadenomas to undifferentiated carcinomas or sarcomas. Unlike other mouse cell systems (19) , there was no correlation between saturation density and tumor incidence. From these observations, we conclude that the well-known tendency of mouse fibroblasts to convert spontaneously to malignancy in Benign cystadenoma
Well-differentiated adenocarcinoma (1).
NT. Well-differentiated adenocarcinoma (1).
NT. Fibrosarcoma and adenocarcinoma ( culture is shared by mouse epithelial cells. However, the period of poor growth or "crisis" usually preceding the malignant change in fibroblastic cultures was not seen in any of these tumorigenic epithelial strains. We found only I previous description of cystic tumors (20) induced by cultured cells. These benign, fluid-filled tumors may be analogous to certain naturally occurring premalignant lesions. Cell lines producing such tumors may be useful substrates for study of progressive stages in the malignant conversion of epithelial cells. In several cases, fluids from cysts induced by the liver cell lines were dark-green, suggestive of biliverdin; fluids from cysts induced by the mammary cells had a slightly milky appearance. Biochemical studies to detect organ-specific cell products, such as bile salts or casein in fluids from these cysts or from cultures containing hemicysts, are now in progress.
All strains produced some type of oncornavirus in culture except the 2 N amru strains that caused cystic adenoma in vivo. It is tempting to speculate that many tumors were actually induced in host cells infected by these viruses. Consistent with this hypothesis is the observation that many tumors were sarcomas (tumors of fibroblasts) rather than carcinomas, though the inoculated cells showed many features of epithelium in culture. Although some neoplasms that arose when cells were inoculated into adult mammary glands were epithelial, they seemed to be derived from mammary gland (host) cells, even though the inoculated cells originated from liver or ovary. The lack of any correlation between tumor incidence and saturation density of the cells in culture also suggests that many tumors were not derived from the inoculated cells. Further experiments to test this hypothesis are in progress.
The gentle dispersion of glandular tissues in complete growth medium containing collagenase is an important technical advance developed by Lasfargues and Moore (1) . We have modified their method by discarding most single cells liberated by this process and culturing the clusters of epithelial cells which remained undispersed after gentle pipetting of the collagenase-loosened tissue. These intact glandular fragments seem to have a higher plating efficiency than singly dispersed epithelial cells, and the resulting cell populations are more representative of the original glandular parenchyma than those selected by single-cell cloning (2, 3) or sequential attachment methods (4) .
We used a number of commercially available growth media 5 in early attempts to grow glandular epithelial cells. All these media contained similar amounts of amino acids, vitamins, and glucose and were supplemented with 10% fetal bovine serum. Epithelial cells did not survive beyond the second passage in any of these media, all of which were adequate for growth of fibroblasts. We believe that the increased amounts of amino acids, vitamins, and glucose in Dulbecco's modification of Eagle's medium 6 are important for the survival and growth of mammalian epithelial cells in vitro. Several rat liver lines isolated recently (2, 4) were grown in media containing increased amounts of glucose and amino acids.
Although much remains to be learned about the culture of mammalian epithelial cells, we believe that the method used to isolate these 9 lines of mouse epithelial cells is relatively simple in comparison to other methods recently published and should be applicable to many other species and organ systems. 
